Neurofibromatosis type Ⅰ(von  Recklinghausen's disease) の遺伝子診断および同疾患特異的 induced pluripotent stem cells (iPSCs)のインテグレーションフリー・フィーダー細胞フリー・無血清培養系での樹立による疾患研究 by Fukutani, Taeko














୺ᣦᑟᩍဨ㸸ᒸᮏ ဴ἞ ᩍᤵ 
㸦་ṑ⸆ಖ೺Ꮫ◊✲⛉ ศᏊཱྀ⭍་Ꮫ࣭㢡㢦㠃እ⛉Ꮫ㸧 
 
๪ᣦᑟᩍဨ㸸ᰩཎ ⱥぢ ᩍᤵ 
㸦་ṑ⸆ಖ೺Ꮫ◊✲⛉ ṑ࿘⑓ែᏛ㸧 
 









ࡿࡓࡵ, ⑌ᝈ≉␗ⓗ iPSCࢆ⏝࠸ࡓ◊✲ࡢ᭷⏝ᛶࡀὀ┠ࡉࢀ࡚࠸ࡿࠋ 
ᮏ◊✲࡛ࡣ, NF1࡜⮫ᗋデ᩿ࡉࢀࡓ 2౛࡟ᑐࡋ࡚Next Generation Sequencing (NGS)ἲ࡞࡝ࢆ⏝࠸࡚
㑇ఏᏊゎᯒࢆ⾜࠺࡜࡜ࡶ࡟, ࢭࣥࢲ࢖࢘࢖ࣝࢫ࣋ࢡࢱ  ࣮ (SeVdp), ᏶඲↓⾑Ύཬࡧࣇ࢕࣮ࢲ࣮⣽⬊ࣇ࣮ࣜ
ࡢᇵ㣴⣔ ,࡛ NF1 ⏤᮶ᮎᲈ⾑ࣜࣥࣃ⌫ (PBMC)࠿ࡽ NF1 ≉␗ⓗ iPSC (NF1-iPSC)ࡢᶞ❧࣭㛗ᮇ⥔ᣢࢆヨࡳ




デ᫬, 㢦㠃, ⫼㠃➼࡟⚄⤒⥺⥔⭘ཬࡧ࢝ࣇ࢙࣭ ࢜ࣞ ,ᩬ ⴭ᫂࡞ୗ㢡㦵྾཰ཬࡧ⑓ⓗ㦵ᢡࢆㄆࡵࡓࠋඛኳᛶ⬯
㦵Ḟᦆ, ⬨᳝ഃᙃ⑕ࡀ࠶ࡗࡓࡀ, ᐙ᪘Ṕࡣ࡞࠿ࡗࡓࠋ 




࠙᪉ἲ  ࠚ NGS࡟ࡣ, ḟୡ௦ࢩ࣮ࢣࣥࢧ࣮MiSeqࢆ౑⏝ࡋ, TrusightOne⑌ᝈࣃࢿࣝ (illumina♫)ࢆ⏝࠸ ,࡚ 
ᝈ⪅PBMCཬࡧNF1-iPSCs⏤᮶DNAࡢ4813㑇ఏᏊࡢ඲exonࡢሷᇶ㓄ิࢆ⥙⨶ⓗ࡟ゎᯒࡋࡓࠋࡲࡓ, NF1
ࡢᰁⰍయୖ࡛ࡢࢥࣆ࣮ᩘࢆ Comparative Exome Quantification analyzer (CEQer)࡟࡚ゎᯒࡋ, ࡉࡽ࡟ᶆⓗ㑇ఏᏊ
ࡢ⤯ᑐⓎ⌧㔞ࢆdroplet digital Polymerase Chain Reaction (ddPCR) ἲ᳨࡛ウࡋࡓࠋ 
 ྛPBMCࢆRD6F+IL-2↓⾑Ύᇵᆅ࡛6᪥㛫ᇵ㣴ᚋ, laminin ฎ⌮6well-dish࡟1105/well࡛᧛✀ࡋ,  SeVdp 
(KOSM) 302LࢆMOI=6࡛2᫬㛫ឤᰁࡉࡏࡓࠋiPSCㄏᑟຠ⋡ࡣalkaline phosphatase㝧ᛶࢥࣟࢽ࣮ᩘ࡛ホ౯ࡋ
ࡓྛࠋ NF1-iPSCsࡢin vitro࡛ࡢᮍศ໬ᛶཬࡧศ໬ከ⬟ᛶࡣ, ᮍศ໬㑇ఏᏊ(Oct3/4, Sox-2, Rex1)ཬࡧ⺮ⓑ(Oct3/4, 
Nanog, SSEA-3, SSEA-4, Tra-1-60, Tra-1-81)Ⓨ⌧ࢆRevers Transcription-PCR (RT-PCR)ἲཬࡧ⺯ගච␿ᰁⰍἲ࡛
᳨ウࡋࡓࠋศ໬ከ⬟⬟ࡣ, ⬇ᵝయᙧᡂἲཬࡧච␿୙඲ (SCID)࣐࢘ࢫ⫼㒊⓶ୗ࡛ࡢ teratomaᙧᡂ⬟࡟᳨࡚ウ
ࡋࡓࠋࡉࡽ࡟, ྛ iPSCsࡢᮍศ໬ཬࡧ୕⬇ⴥ࡬ࡢศ໬ㄏᑟ᫬ࡢNF1㑇ఏᏊ࣭⺮ⓑⓎ⌧ࢆddPCRཬࡧwestern 




࠙⤖ᯝࠚNF1-2࡛ࡣNF1ࡢ exon 40࡟C࠿ࡽT࡬ࡢ୍ሷᇶኚ␗(rs137854552 C>T)ࢆㄆࡵ, ྠኚ␗ࡣarginine
ࡢ stop codon࡬ࡢ⨨᥮ࢆ♧၀ࡋࡓࠋNF1-1࡛ࡣNF1࡟᫂ࡽ࠿࡞ኚ␗ࢆㄆࡵ࡞࠿ࡗࡓࡀ, CEQerࡢ⤖ᯝ17␒
ᰁⰍయ㛗⭎NF1㡿ᇦࡢ read coverageࡀᗈ⠊ᅖ࡟ࢃࡓࡾ༙ῶࡋ, ࡉࡽ࡟ ddPCRゎᯒ࡛NF1ࡢࢥࣆ࣮ᩘࡶ༙
ῶࡋ࡚࠸ࡓࠋNF1-1-hiPSCཬࡧNF1-2-hiPSCࡢㄏᑟຠ⋡ࡣࡑࢀࡒࢀ0.124㸣ཬࡧ0.088㸣࡛࠶ࡗࡓࠋ࠸ࡎࢀࡢ
NF1-iPSCsࡶᮍศ໬㑇ఏᏊ࣭⺮ⓑࢆⓎ⌧ࡋ, ࡉࡽ࡟ in vitroཬࡧ in vivo࡛୕⬇ⴥ࡬ࡢศ໬ከ⬟ᛶࢆ᭷ࡋ࡚࠸
ࡓࠋ୧ NF1-iPSCs࡜ࡶᮍศ໬≧ែ࡛ࡣ, NF1㑇ఏᏊ࣭⺮ⓑⓎ⌧ࡣⴭࡋࡃప್ࢆ♧ࡋࡓࡀ, ศ໬࡟క࠸ୖ᪼ࡋ
ࡓࠋศ໬NF1-1-iPSCs࡟࠾ࡅࡿ NF1 mRNAⓎ⌧ࡣWT-iPSCࡢࡑࢀ࡜ẚ㍑ࡋ༙ῶࡋ࡚࠸ࡓࡀ, NF1-2-iPSC
࡛ࡣᕪࢆㄆࡵ࡞࠿ࡗࡓࠋ୍᪉, ୧NF1-iPSCsࡢNF1⺮ⓑⓎ⌧ࡣWT-iPSCsࡢ⣙ 1/2࡟ῶᑡࡋ࡚࠸ࡓࠋࡲࡓ, 
⚄⤒ศ໬࡟క࠸,  WT-iPSC࡜ẚ㍑ࡋ࡚୧NF1-iPSCs࡛ࡣ᪩ᮇ࡟S-100㝧ᛶ⣽⬊ࡀฟ⌧ࡋ, ࡉࡽ࡟ERKࣜࣥ
㓟໬ࡶ⥔ᣢ࠶ࡿ࠸ࡣୖ᪼ഴྥࢆ♧ࡋࡓࠋࡉࡽ࡟,  in vitro ཬࡧ in vivo ࡛ࡢ㌾㦵࣭㦵ศ໬ㄏᑟࡢ⤖ᯝ, NF1-1-
iPSCࡣWT-iPSCs࡟㢮ఝࡋࡓ㦵ศ໬ࢆ♧ࡋࡓࡀ,  NF1-2-iPSCs࡛ࡣ㦵ศ໬ࡀ㐜ᘏࡋ࡚࠸ࡓࠋ 
 
࠙⤖ㄽ ↓ࠚ⾑Ύཬࡧ↓ࣇ࢕࣮ࢲ࣮ᇵ㣴⣔ࢆ⏝࠸࡚NF1-iPSCsࡢᶞ❧ཬࡧ㛗ᮇ⥔ᣢ࡟ᡂຌࡋࡓࠋ2⑕౛ࡢNF1
㛫࡛⮫ᗋ⑕≧ࡸ⤒㐣ࡀ኱ࡁࡃ␗࡞ࡿࡢࡣ, NF1 ኚ␗ࡢ㉁ⓗᕪ␗ࢆ཯ᫎࡋ࡚࠸ࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋࡲࡓ,  
ྛNF1-iPSCs࡟࠾࠸࡚ࡶNF1ࡢḞኻࡸኚ␗ࡣ⥔ᣢࡉࢀ࡚࠾ࡾ, ࡉࡽ࡟⚄⤒ศ໬ࡸ㌾㦵࣭ 㦵ศ໬⬟࡟ࡶᕪࢆ♧
ࡋࡓࡇ࡜࠿ࡽ, NF1 ࡢศᏊ࣭⣽⬊࡛ࣞ࣋ࣝࡢ⑓ែゎ᫂ࡸ, ⑌ᝈࣔࢹࣝ࡜ࡋ࡚๰⸆ࢫࢡ࣮ࣜࢽࣥࢢ࡬ࡢᛂ⏝
ࡸ἞⒪ἲࡢ㛤Ⓨ◊✲࡟᭷⏝࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 
 
